The main objective of this paper is to study the fractional Hankel transformation and the continuous fractional Bessel wavelet transformation and some of their basic properties. Applications of the fractional Hankel transformation (FrHT) in solving generalized nth order linear nonhomogeneous ordinary differential equations are given. The continuous fractional Bessel wavelet transformation, its inversion formula and Parseval's relation for the continuous fractional Bessel wavelet transformation are also studied. MSC: 46F12; 26A33
Introduction
where J μ is the Bessel function of the first kind of order μ.
The inversion formula of () is given by We assume that throughout this paper θ = nπ , n ∈ Z. From [], wavelets as a family of functions constructed from translation and dilation of a single function ψ are called the mother wavelet defined by
where a is called the scaling parameter which measures the degree of compression or scale and b is a translation parameter which determines the time location of the wavelet. Shi et
and
Properties of a fractional Hankel transformation
Zemanian [, p.] introduced a function space H μ (R + ) consisting of all complex-valued infinitely differentiable function ϕ defined on R + = (, ∞), satisfying 
where
where the constants a l depend only on μ and parameter θ . On H μ,θ (R + ), we consider the topology generated by the family {ϒ 
is known as a fractional
Bessel operator with parameter θ .
Proof See [] .
The result can be easily shown by using Proposition .(ii). 
where A μ,θ is a positive constant depending on μ and θ .
(ii) From Proposition .(ii), where r = , we have
This proves thatφ 
Proof We have
Applications of the fractional Hankel transformation to generalized differential equations
We consider the generalized nth order linear nonhomogeneous ordinary differential equation
where L is the generalized nth order differential operator given by
where a n , a n- , . . . , a  are constants and * μ,x is as given in Proposition .. Applying FrHT to both sides of equation (), we have
and equivalently,
Therefore,
Now, an application of the inverse FrHT gives the solution
.
Example . Using the FrHT, we investigate the solution of the generalized differential equation
Letû θ  (y, z) be the FrHT of order zero of u(x, z) with respect to the variable x. Then, by definition,
where K θ  (x, y) is the kernel of FrHT of order zero. Taking the FrHT of order zero of (), we get
, whose solution iŝ
Taking the FrHT of order zero of (), we havê
Taking the FrHT of order zero of (), we have . In this section, we define the continuous fractional Bessel wavelet transformation and study some of its properties using the theory of fractional Hankel convolution () corresponding to [] .
A fractional Bessel wavelet is a function ψ ∈ L  (R + ) which satisfies the condition 
. http://www.boundaryvalueproblems.com/content/2013/1/40 Therefore,
(R + ). Then the continuous fractional Bessel wavelet transformation B
θ ψ is defined on f by
by putting ξ a = x, then the continuous fractional Bessel wavelet transformation can be written as
This means that
is a homogeneous function of degree n, then
Theorem . If ψ  and ψ  are two wavelets and (B
Proof We have 
Proof The proof of Theorem . can be easily deduced by setting ψ  = ψ  = ψ in Theorem ..
Remark . If f = g and ψ  = ψ  = ψ, then from Theorem ., we have
. Then f can be reconstructed by the formula
Proof For any g ∈ L  (R + ), we have
Proof Using Theorem . and Theorem ., we have
This completes the proof of the theorem. This implies that
We have (ψ θ f ) ∈ L  (R + ). Moreover,
Thus, the convolution function (ψ θ f ) is a fractional Bessel wavelet. 
